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Abstract 


The  Qucst-2003  Polarimetric  Signature  Trial  was  successfully  conducted  off  the  coast  of 
Halifax,  Nova  Scotia,  using  the  Environment  Canada  CV-580  C-band  SAR  in  conjunction 
with  the  CFAV  Quest  trial  Q-277. 

This  report  addresses  the  polarimetric  synthetic  aperture  radar  (PolSAR)  experiments  that 
were  conducted  on  6  and  7  October,  2003. 

A  radar  calibration  site  was  established  at  CFB  Shearwater.  It  was  composed  of  four  comer 
reflectors  (CRs),  four  active  radar  calibrators  (ARCs)  and  two  Global  Positioning  System 
(GPS)  base  stations.  CFB  Shearwater  offers  relatively  flat,  uniform  terrain  with  low  radar 
reflectivity  so  that  a  high  targct-to-cluttcr  ratio  (TCR)  was  achieved. 

During  the  PolSAR  experiments,  1 1  CFAV  Quest  images  were  successfully  collected  with 
various  incidence  angles,  aspect  angles,  and  environmental  conditions.  Initial  results  indicate 
that  the  ship  image  is  clearly  distinguished  from  the  ocean  clutter  in  the  PolSAR  images.  But, 
several  image  problems  have  been  noted  including  image  dcfocus,  azimuth  ambiguities,  and 
target  saturation.  Overall,  the  ship  images  appear  to  be  smeared  in  the  azimuth  direction,  an 
issue  that  will  be  the  focus  of  subsequent  analysis. 
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Resume 


L’cssai  de  signature  polarimctrique  Qucst-2003  a  etc  mcne  avee  succcs  au  large  d’Halifax 
(Nouvelle-Ecosse),  a  I’aide  du  SAR  en  bande  C  du  CV-580  d’Environnement  Canada, 
eonjointement  avee  I’essai  Q-277  du  NAFC  Quest. 

Le  present  rapport  traite  des  experiences  effectuecs  avee  Ic  radar  a  synthese  d’ouvcrturc 
polarimetriquc  (PolSAR)  Ics  6  ct  7  octobre  2003. 

Un  site  d’etalonnagc  radar  a  etc  ctabli  a  la  BFC  Shearwater.  Ce  site  etait  constituc  dc  quatre 
rcflectcurs  a  coin  (CR),  quatre  ctalonncurs  radar  actifs  (ARC)  et  deux  stations  dc  base  GPS 
(systeme  de  positionnement  mondial).  La  BFC  Shearwater  offre  un  terrain  rclativcmcnt  plat  ct 
uniformc  a  faible  reflectivitc  radar,  cc  qui  a  permis  d’obtenir  un  rapport  signal  dc  cible/cluttcr 
(rapport  S/C)  eleve. 

Dans  Ics  experiences  cffcctuccs  avee  Ic  PolSAR,  on  a  rccucilli  avee  succcs  1 1  images  du 
NAFC  Quest  pour  differents  angles  d’incidcncc,  differents  angles  d’aspcct  ct  divcrscs 
conditions  cnvironncmcntalcs.  Lcs  premiers  rcsultats  indiquent  que  le  navirc  sc  distingue 
nettement  du  clutter  d’occan  dans  lcs  images  PolSAR.  On  a  cependant  observe  plusicurs 
problcmcs,  notamment  la  defocalisation  dc  I’imagc,  I’ambiguitc  cn  azimut  ct  la  saturation  dc 
la  ciblc.  Dans  1’ ensemble,  les  images  du  navire  scmblcnt  presenter  un  effet  dc  bavurc  cn 
azimut,  ct  on  se  pcnchcra  sur  cc  problcme  dans  une  analyse  ultcricurc. 
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Executive  summary 


The  Qucst-2003  Polarimctric  Signature  Trial  was  successfully  conducted  off  the  coast  of 
Halifax,  Nova  Scotia,  using  the  Environment  Canada  CV-580  C-band  SAR  in  conjunction 
with  the  CFAV  Quest  trial  Q-277. 

This  report  addresses  the  polarimctric  synthetic  aperture  radar  (PolSAR)  experiments  that 
were  conducted  on  6  and  7  October  2003  for  a  known  vessel  at  sea.  The  entire  trial  consisted 
of  three  separate  sets  of  experiments:  maritime  moving-target  indication  (MMTI),  wake  and 
ocean  observation,  and  polarimctric  signature  collection  of  a  known  vessel  at  sea. 

The  PolSAR  experiments  were  designed  to  acquire  imagery  of  CFAV  Quest  at  sea  to 
determine  the  effect  of  vessel  velocity  and  motion  on  radar  polarimctric  signatures.  The 
experiments  were  planned  to  optimise  the  collection  of  the  CFAV  Quest  imagery  with  various 
incidence  angles  and  aspect  angles,  and  for  various  environmental  conditions.  These 
signatures  arc  critical  for  supporting  the  development  of  ship  detection  and  classification 
algorithms,  for  evaluation  of  ship  detection  pcrfonnancc  analysis,  and  for  ship  velocity 
estimation.  These  signatures  will  be  compared  with  simulation  data  that  arc  being  generated 
at  DRDC  Ottawa.  Two  flights,  each  consisting  of  6  ship  lines  and  2  calibration  site  lines, 
were  planned. 

Although  the  trial  was  initially  planned  to  occur  entirely  on  a  non-intcrfcrcncc  basis,  portions 
of  the  original  Cruise  Plan  for  Q-277  were  modified  due  to  Hurricane  Juan,  which  passed 
through  the  region  one  week  prior  to  this  trial.  As  a  result,  an  opportunity  arose  for  the 
DRDC  Ottawa  SAR  experiment  team  to  discuss  specific  requirements  with  the  CFAV  Quest 
crew  prior  to  the  trial,  such  as  maintaining  a  constant  ship  course  and  speed  during  each  data 
acquisition  pass.  In  addition,  ship  motion  data  including  heading,  speed,  three  dimensional 
acceleration,  and  position  for  each  radar  pass  were  also  requested. 

The  PolSAR  data  set  was  acquired  using  the  airborne  C-band  fully  polarimctric  SAR  sensor 
developed  by  the  Canada  Centre  for  Remote  Sensing  (CCRS)  [1  ].  Prior  to  the  trial,  the 
inverse  Surface  Acoustic  Wave  (SAW*)  portion  of  the  radar  system,  which  is  nonnally  used 
to  carry  out  range  compression,  was  modified  to  include  a  by-pass  selection  option  that  is 
intended  to  reduce  point-target  saturation  problems  that  often  arise  in  the  raw  data  from  this 
radar  [2].  Both  SAW*  On  and  Off  (by-pass)  configurations  of  the  radar  receiver  were  used 
for  this  trial  because  the  by-pass  configuration  had  not  previously  been  used. 

A  radar  calibration  site  was  established  at  CFB  Shearwater.  It  was  composed  of  four  comer 
reflectors  (CRs),  four  active  radar  calibrators  (ARCs)  and  two  Global  Positioning  System 
(GPS)  base  stations.  CFB  Shearwater  offers  relatively  flat,  unifonn  terrain  with  low  radar 
reflectivity  so  that  a  high  targct-to-cluttcr  ratio  (TCR)  was  achieved. 

During  the  PolSAR  experiments,  1 1  CFAV  Quest  images  were  successfully  collected  with 
various  incidence  angles,  aspect  angles,  and  environmental  conditions.  Initial  results  indicate 
that  the  ship  image  is  clearly  distinguished  from  the  ocean  clutter  in  the  PolSAR  images.  But 
several  image  problems  have  been  noted  including  image  dcfocus,  azimuth  ambiguities,  and 
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target  saturation.  Furthermore,  there  may  be  evidence  of  signal  data  saturation,  even  for  the 
SAW'^  Off  configuration.  Overall,  most  of  the  ship  images  appear  to  be  smeared  in  the 
azimuth  direction,  an  issue  that  will  be  the  focus  of  subsequent  analysis. 

This  report  describes  the  trial  plan,  the  calibration  site  setup,  the  data  actually  acquired  and 
the  initial  data  analysis  results.  The  report  also  addresses  the  observed  data  problems  and 
makes  recommendations  toward  solving  these  problems. 


Liu,  C.,  Gallop,  L.  Schlingmcicr,  D.  2004.  Quest-2003  Polarimctric  Signature  Trial. 
DRDC  Ottawa  TM  2004-207.  Defence  R&D  Canada  -  Ottawa. 
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Sommaire 


L’essai  dc  signature  polarimctriquc  Qucst-2003  a  ete  mene  avec  succes  au  large  d’Halifax 
(Nouvelle-Ecosse),  a  I’aide  du  SAR  en  bande  C  du  CV-580  d’Environnement  Canada, 
eonjointement  avee  I’essai  Q-277  du  NAFC  Quest. 

Le  present  rapport  traite  des  experienees  portant  sur  un  navire  eonnu  en  mer,  effeetuees  avec 
le  radar  a  synthese  d’ouverturc  polarimctriquc  (PolSAR)  les  6  et  7  octobre  2003.  L’essai 
complct  consistait  en  trois  series  d’experiences  distinctes  :  indication  dc  ciblc  maritime 
mobile  (MMTI),  observation  du  sillagc  ct  dc  I’ocean,  ct  collecte  dc  signature  polarimctriquc 
d’un  navire  eonnu  en  mer. 

Les  experiences  PolSAR  visaient  a  faire  I’acquisition  d’ images  du  NAFC  Quest  en  mer  dans 
le  but  dc  detenniner  I’effet  de  la  vitesse  et  des  mouvements  du  navire  sur  les  signatures  radar 
polarimctriqucs.  Elies  ont  ete  planifiees  dc  manicre  a  optimiscr  la  collecte  d’imagcs  du  NAFC 
Quest  a  differents  angles  d' incidence  et  angles  d' aspect,  dans  diverscs  conditions 
environnementales.  Les  signatures  en  question  constituent  des  elements  critiques  pour  le 
souticn  dc  I’elaboration  d’algorithmcs  dc  detection  ct  de  classification  des  navires,  pour 
revaluation  dc  I’analyse  dcs  performances  dc  detection  des  navires,  et  pour  I’cstimation  dc  la 
vitesse  dcs  navires.  On  les  comparcra  avec  les  donnees  dc  simulation  qui  sont  produites  a 
RDDC  Ottawa.  Deux  vols,  comprenant  chacun  6  lignes  dc  navire  et  2  lignes  dc  site 
d’ctalonnagc,  ont  etc  prevus. 

Dans  les  previsions  initiales,  I’essai  devait  s’cffectuer  entierement  sur  unc  base  sans 
interference,  mais  dcs  sections  du  plan  dc  dcplaccmcnt  d’origine  pour  I’essai  Q-277  ont  etc 
modificcs  en  raison  du  passage  dc  I’ouragan  Juan  dans  la  region  la  scmainc  prcccdcnte.  Cette 
situation  a  donne  a  I’cquipc  de  RDDC  Ottawa  rcsponsable  dc  rexpcrience  mcnee  avec  le 
SAR  I’occasion  dc  discuter  avec  I’cquipage  du  NAFC  Quest.,  avant  I’essai,  d’exigcnccs 
particulicrcs  telles  que  le  mainticn  d’unc  vitesse  et  d’un  cap  constants  du  navire  durant  chaque 
passage  d’acquisition  dc  donnees.  On  avait  aussi  besoin  dc  donnees  relatives  aux  mouvements 
du  navire,  notamment  au  cap,  a  la  vitesse,  a  I’acccleration  tridimensionncllc  ct  a  la  position, 
pour  chacun  dcs  passages  du  radar. 

L’acquisition  dc  I’cnsemble  dc  donnees  PolSAR  a  etc  effcctucc  a  I’aidc  du  captcur  SAR 
entierement  polarimctriquc  acroportc  cxploitant  la  bande  C,  mis  au  point  par  le  Centre 
canadicn  de  tcledetection  (CCT)  [1].  Avant  I’cssai,  la  partic  ondc  acoustique  dc  surface 
inverse  (SAW^)  du  systeme  radar,  qui  est  nonnalcmcnt  utilisec  pour  cffcctucr  la  compression 
en  distance,  a  etc  modificc  dc  fa9on  a  comprendre  unc  option  dc  selection  dc  contoumcment 
visant  a  attenuer  les  problemcs  de  saturation  de  cible  ponctuellc  qu’on  eprouve  souvent  avec 
les  donnees  brutes  foumies  par  ce  radar  [2].  La  configuration  avec  SAW'^  et  la  configuration 
sans  saw'  (contoumcment)  du  rcccptcur  radar  ont  toutes  deux  etc  utilisees  pour  cct  cssai, 
ctant  donne  que  la  configuration  dc  contoumcment  n’ avait  pas  ete  utilisec  auparavant. 

Un  site  d’ctalonnagc  radar  a  etc  ctabli  a  la  BFC  Shearwater.  II  etait  constitue  dc  quatre 
rcflcctcurs  a  coin  (CR),  quatre  ctalonncurs  radar  actifs  (ARC)  et  deux  stations  dc  base  GPS 
(systeme  dc  positionnement  mondial).  La  BFC  Shearwater  offre  un  terrain  relativcmcnt  plat  ct 
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uniformc  a  faible  rcflcctivite  radar,  ce  qui  a  permis  d’obtenir  un  rapport  signal  dc  ciblc/cluttcr 
(rapport  S/C)  eleve. 

Dans  Ics  experiences  cffectuces  avec  le  PolSAR,  on  a  rccueilli  avee  succes  1 1  images  du 
NAFC  Quest  pour  differents  angles  d’incidence,  differents  angles  d’aspcct  ct  diverscs 
conditions  environnementales.  Les  premiers  resultats  indiquent  que  le  navirc  sc  distingue 
nettement  du  clutter  d’occan  dans  les  images  PolSAR.  On  a  cependant  observe  plusieurs 
problcmcs,  notamment  la  dcfocalisation  dc  I’image,  I’ambiguite  en  azimut  ct  la  saturation  dc 
la  cible.  Dc  plus,  d’apres  ccrtaincs  indications,  il  pourrait  y  avoir  saturation  dcs  donnccs  dc 
signal,  mcme  avec  la  configuration  de  contoumcment  de  SAW  ^  Dans  rcnscmblc,  la  plupart 
dcs  images  du  navire  semblent  presenter  un  effet  de  bavure  en  azimut,  ct  on  sc  pcnchcra  sur 
cc  problcmc  dans  unc  analyse  ultcricure. 

Le  present  rapport  dccrit  le  plan  d’essai,  la  configuration  du  site  d’ctalonnagc,  les  donnccs 
rccllcs  acquiscs  ct  les  premiers  resultats  de  I’analyse  des  donnccs.  II  expose  aussi  les 
problemes  observes  rclativcment  aux  donnees  et  il  contient  dcs  rccommandations  en  vuc  dc 
Icur  resolution. 


Liu,  C.,  Gallop,  L.,  Schlingmcicr,  D.  2004.  Qucst-2003  Polarimctric  Signature  Trial. 
DRDC  Ottaw^a  TM  2004-207.  R  &  D  pour  la  defense  Canada  -  Ottawa. 
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1.  Introduction 


The  Qucst-2003  Polarimetric  Signature  Trial  was  suecessfully  conducted  off  the  coast  of  Halifax,  Nova 
Scotia,  using  the  Environment  Canada  CV-580  C-band  SAR  in  conjunction  with  CFAV  Quest  trial  Q- 
277. 

This  report  addresses  the  polarimetric  synthetic  aperture  radar  (PolSAR)  experiments  that  were  conducted 
on  6  and  7  October,  2003  for  a  known  vessel  at  sea.  The  entire  trial  consisted  of  three  separate  sets  of 
experiments:  maritime  moving-target  indication  (MMTI),  wake  and  ocean  observation,  and  polarimetric 
signature  collection  of  a  known  vessel  at  sea. 

The  main  objective  of  the  PolSAR  experiments  was  to  acquire  imagery  of  CFAV  Quest  at  sea  to 
detennine  the  effect  of  vessel  velocity  and  motion  on  polarimetric  signatures.  These  signatures  arc 
critical  for  supporting  the  development  of  ship  detection  and  classification  algorithms,  for  evaluation  of 
ship  detection  performance  analysis,  and  for  ship  velocity  estimation.  These  signatures  will  be  compared 
with  simulated  signatures  that  are  being  generated  at  DRDC  Ottawa. 

The  experiments  were  planned  to  optimise  the  collection  of  the  CFAV  Quest  imagery  with  various 
incidence  angles  and  aspect  angles,  and  for  various  environmental  conditions.  Considering  all 
parameters  of  interest,  two  flights,  each  consisting  of  6  flight  lines  over  the  ship  and  2  flight  lines  over  the 
calibration  site,  were  planned. 

Although  the  trial  was  initially  planned  to  occur  entirely  on  a  non-interference  basis,  portions  of  the 
original  Cruise  Plan  for  Q-277  were  modified  due  to  Hurricane  Juan,  which  passed  through  the  region 
one  week  prior  to  this  trial.  As  a  result,  an  opportunity  arose  for  the  DRDC  Ottawa  SAR  experiment  team 
to  discuss  specific  requirements  with  the  CFAV  Quest  crew.  CFAV  Quest  participated  as  a  cooperative 
target  maintaining  a  fixed  course  and  a  constant  speed  during  each  data  acquisition  pass.  Unfortunately, 
the  speed  of  CFAV  Quest  could  not  be  specified  a  priori  since  the  original  experiment  plan  did  not 
include  CFAV  Quest  as  a  cooperative  target  in  the  Q-277  trial  plan.  Truthing  information,  such  as  the 
ship’s  log  data  including  heading,  speed,  position  and  motion  for  each  radar  pass  were  obtained. 

The  PolSAR  data  was  acquired  using  the  airborne  C-band  fully  polarimetric  SAR  sensor  developed  by  the 
Canada  Centre  for  Remote  Sensing  (CCRS)  and  flown  on  the  Environment  Canada  (EC)  Convair-580 
(CV-580)  airborne  platform  [1].  Prior  to  the  trial,  the  inverse  Surface  Acoustic  Wave  (SAW*)  portion  of 
the  radar  system,  which  is  nonnally  used  for  range  compression,  was  modified  to  include  a  by-pass  option 
to  reduce  point-target  saturation  problems  that  often  arise  in  the  raw  data  from  this  radar  [2].  Both  SAW* 
On  and  Off  (i.c.  by-pass)  configurations  of  the  radar  receiver  were  used  for  this  trial  to  reduce  risk 
because  the  by-pass  configuration  had  not  previously  been  tested  during  a  trial. 

Polarimetric  calibration  using  reference  calibrator  devices  with  known  scattering  properties,  such  as 
comer  reflectors  (CRs)  and  active  radar  calibrators  (ARCs),  is  essential  for  this  radar.  A  radar  calibration 
site  was  established  at  CFB  Shearwater.  It  was  composed  of  four  comer  reflectors  (CRs),  four  active 
radar  calibrators  (ARCs)  and  two  Global  Positioning  System  (GPS)  base  stations.  CFB  Shearwater  offers 
relatively  flat,  unifonn  terrain  with  low  radar  reflectivity  so  that  a  high  targct-to-clutter  ratio  (TCR)  was 
achieved. 

During  the  PolSAR  experiments,  1 1  CFAV  Quest  images  were  successfully  collected  with  various 
incidence  angles,  aspect  angles,  and  environmental  conditions.  Initial  results  indicate  that  the  ship  image 
is  clearly  distinguished  from  the  ocean  clutter  in  the  PolSAR  images.  But,  several  image  problems  have 
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been  noted  ineluding  image  defoeus  and  azimuth  ambiguities.  Overall,  most  of  the  ship  images  appear  to 
be  smeared  in  the  azimuth  direction.  A  detailed  investigation  of  this  issue  will  be  carried  out  as  part  of 
the  data  analysis  activities. 

This  report  describes  the  trial  plan,  the  calibration  site  setup,  the  data  actually  acquired  and  the  initial  data 
analysis  results.  The  report  also  addresses  the  observed  data  problems  and  makes  recommendations 
toward  solving  these  problems. 
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Experiment 


2.1  Experiment  Design 

The  Qucst-2003  Polarimetric  Signature  Trial  was  eombined  with  CFAV  Quest  trial  Q-277.  The  purpose 
of  the  Polarimetric  SAR  experiment  was  to  acquire  data  of  the  CFAV  Quest  at  sea  to  dctcnninc  the 
effects  of  vessel  velocity  and  motion  on  polarimetric  signatures.  These  signatures  will  be  compared  with 
simulated  polarimetric  signatures  that  arc  being  generated  at  DRDC  Ottawa.  These  signatures  arc  critical 
for  supporting  the  development  of  ship  detection  and  classification  algorithms,  evaluation  of  ship 
detection  pcrfonnancc,  and  ship  velocity  estimation. 

There  arc  many  parameters  to  be  considered  when  designing  a  trial,  in  which  the  number  of  SAR  scenes 
that  can  be  collected  is  limited.  For  example,  the  flight  lines  were  selected  to  optimise  the  collection  of 
CFAV  Quest  imagery  with  various  incidence  angles  and  aspect  angles  for  various  environmental 
conditions.  The  CV-580  SAR,  originally  developed  by  CCRS,  can  be  operated  either  in  right  or  left 
looking  mode  [1].  The  aspect  angle  is  defined  by  the  aircraft  heading  relative  to  the  target  heading.  Both 
the  aircraft  and  the  target  heading  are  defined  with  respect  to  True  North  in  this  memorandum. 

Another  parameter  to  be  considered  was  the  SAW^  configuration  within  the  receiver.  The  present 
CV-580  SAR  system  has  serious  limitations  for  point-like  targets.  The  system  performs  6-bit  digitization 
of  the  received  signal  after  range  compression,  which  is  done  in  hardware  (HW)  [2].  To  reduce  the 
limitations  of  the  CV-580  SAR  for  point-like  targets  during  the  trial,  a  switch  was  installed  in  the  system 
to  by-pass  the  HW  range  compressor  in  the  high  resolution  mode  of  the  SAR.  The  new  configuration 
(i.c.,  SAW*  Oft)  was  used  in  some  flight  lines.  The  original  SAW’^  configuration  (i.c.,  SAW'^  On)  was 
also  used  for  some  flight  lines. 

Polarimetric  calibration  using  known  calibration  devices,  including  comer  reflectors  (CRs)  and  active 
radar  calibrators  (ARCs),  is  essential  for  this  radar.  Ideally,  these  known  calibrators  should  be  in  the 
same  scene  as  the  targets  of  interest.  However,  in  this  mission,  the  target  was  about  240  nm  from  the 
calibration  site,  so  it  was  impossible  to  obtain  an  image  of  the  calibration  site  in  the  same  scene  as  the 
targets  of  interest. 

The  CV-580  can  tly  approximately  5  mission  hours  from  take  off  to  landing.  Under  poor  conditions,  or 
with  a  distant  alternate  airport,  the  mission  time  may  be  reduced  [3].  For  mission  planning  purposes,  the 
aircraft  ground  speed  was  chosen  to  be  240  knots  at  an  altitude  of  20,000  feet.  The  target  for  the  mission, 
CFAV  Quest,  was  assumed  to  be  240  nm  from  the  airport.  Therefore,  the  transit  time  from  airport  to  the 
target  was  nominally  1  hour,  and  the  transit  time  from  the  target  back  to  the  airport  was  also  1  hour. 

Since  the  airport  was  far  from  the  target  and  useful  alternate  airports,  the  data  acquisition  plan  was  based 
upon  a  total  mission  time  of  4  hours  (i.c.,  two  hours  transit  time  and  two  hours  data  acquisition  time). 

For  a  point  or  small  area  target  set,  the  data  acquisition  line  length  is  usually  10  to  20  nm  to  ensure  that 
the  targets  of  interest  arc  imaged.  A  20  nm  flight  line  was  assumed  for  ship  data  acquisition  and  a  10  nm 
line  was  assumed  for  the  calibration  site.  In  addition  to  the  data  acquisition  line  length,  the  aircraft  lead- 
in  distance  of  20  nm  and  lead-out  distance  of  20  nm  must  also  be  included.  Therefore,  the  total  flight  line 
distance  required  for  each  acquisition  is  60  nm,  corresponding  to  about  20  minutes  of  flight  time.  Also, 
the  aircraft  needs  about  5  minutes  to  turn  after  each  line  is  completed.  Therefore,  the  total  flight  time 
required  for  each  data  acquisition  line  is  approximately  25  minutes. 
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For  the  PolSAR  experiments,  two  flights  were  planned.  Considering  all  of  these  constrains,  we  planned 
that  each  flight  would  consist  of  6  flight  lines  over  the  ship  and  2  flight  lines  over  the  calibration  site. 

We  requested  that  the  CFAV  Quest  be  moving  along  a  fixed  course,  preferably  using  a  different  speed  for 
each  of  the  aircraft  passes  (including  stationary  for  one  pass).  During  the  radar  passes,  the  CFAV  Quest 
position,  heading,  and  speed  were  recorded  along  with  3-axis  accelerometer  data.  During  the  radar  passes 
we  requested  that  as  much  additional  truthing  as  possible  be  recorded. 

The  planned  flights  and  radar  configuration  parameters  arc  summarized  in  Table  1  and  an  example  of  the 
planned  flight  lines  is  illustrated  in  Figure  1 .  In  Table  1 ,  the  CFAV  Quest  heading  is  assumed  to  be  0°  as 
a  reference  and  the  CV-580  heading  is  given  relative  to  the  CFAV  Quest  heading.  For  example,  a  CV- 
580  heading  of  180°  indicates  that  the  CV-580  is  parallel  to  CFAV  Quest,  but  heading  in  the  opposite 
direction. 


Table  1.  Planned  flight  and  radar  configuration  parameters. 


Line 

^.nc  (°) 

CV-580  heading 
relative  to  CFAV 
Quest  heading  (°) 

SAR 

antenna 

look 

direction 

SAW' 

Objective 

October  6 

CFAV  Quest 

0  (reference) 

1 

45 

180 

R 

Off 

CFAV  Quest 

2 

45 

225 

R 

Off 

CFAV  Quest 

3 

45 

45 

R 

Off 

CFAV  Quest 

4 

35 

225 

L 

Off 

CFAV  Quest 

5 

55 

45 

R 

Off 

CFAV  Quest 

6 

45 

270 

L 

Off 

CFAV  Quest 

7  (Cal  1) 

45 

318 

R 

Off 

Cal  site 

8  (Cal  2) 

35 

138 

L 

On 

Cal  site 

October  7 

CFAV  Quest 

0  (reference) 

1 

35 

180 

R 

On 

CFAV  Quest 

2 

35 

225 

R 

On 

CFAV  Quest 

3 

45 

45 

R 

On 

CFAV  Quest 

4 

35 

225 

L 

Off 

CFAV  Quest 

5 

45 

45 

R 

Off 

CFAV  Quest 

6 

35 

270 

L 

On 

CFAV  Quest 

7  (Cal  1) 

45 

318 

R 

Off 

Cal  site 

8  (Cal  2) 

35 

138 

L 

On 

Cal  site 
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Figure  1.  Example  of  proposed  flight  lines  for  the  experiments. 


2.2  Timing  and  Communications 

Timing  and  eommunications  are  eritieal  for  a  sueeessful  trial.  During  the  experiments,  the  aircrew 
needed  to  contact  the  CFAV  Quest  in  order  to  detennine  the  vessel’s  current  position,  speed  and  course, 
so  that  the  imagery  acquisition  could  be  carried  out  to  meet  the  planned  incidence  angle  and  aspect  angle 
criteria  for  each  flight  line.  At  the  calibration  site,  the  ground  team  must  know  when  the  aircraft  is 
approaching  the  calibration  site  so  that  the  required  equipment  can  be  switched  on.  The  ground  team 
must  also  know  when  the  aircraft  has  finished  a  calibration  line  so  that  ARCs  and  CRs  may  be  re¬ 
positioned  in  preparation  for  the  next  line.  In  order  to  allow  for  these  successful  exchanges,  a 
communications  plan  was  established  prior  to  the  experiment.  This  involved  selection  of  communication 
frequencies  for  the  calibration  site  and  the  CFAV  Quest.  The  communication  frequencies  used  in  this 
trial  were: 

Calibration  site:  Air/Ground  frequency  149.590  MHz,  Ground/Ground  frequency  148.075MHz;  and 
CFAV  Quest:  Air/Sca  frequency  279.400  MHz,  alternate  302.250  MHz. 

The  pilot  of  the  EC  CV-580  carried  out  communications  cither  with  the  CFAV  Quest  captain  or  the 
calibration  site  team. 

Universal  Time  Coordinated  (UTC)  was  used  for  this  trial.  Daylight  Savings  is  implemented  in  North 
America  from  the  first  Sunday  in  April  to  the  last  Sunday  in  October.  In  2003,  this  fell  on  October  26^. 
Thcrcfcrc,  Daylight  Savings  Time  was  in  force  during  the  trials.  During  Daylight  Saving  Time,  UTC  was 
three  hours  ahead  of  the  Halifax  local  time,  i.e.,  when  it  was  1500  hrs  UTC  it  was  1200  hrs  Halifax  local 
time. 


DRDC  Ottawa  TM  2004-207 


5 


3.  Calibration 


3.1  Calibration  Site 

Polarimetric  calibration  using  calibrators  with  known  scattering  properties  is  essential  for  the  CV-580 
SAR  radar.  The  trihedral  comer  reflectors  (CRs)  which  have  well-defined  Radar  Cross  Section  (RCS)  arc 
used  to  perform  the  radiometric  calibration  of  the  imagery  for  each  scene.  However,  the  CRs  can  only 
provide  the  amplitude  calibration  for  an  image.  Therefore,  active  radar  calibrators  (ARCs)  arc  used  to 
calibrate  the  phase  response  between  each  channel  for  this  radar. 

The  radar  calibration  site  was  established  at  CFB  Shearwater,  Nova  Scotia.  The  equipment  deployed  at 
the  calibration  site  included  four  CRs,  four  ARCs  and  two  Global  Positioning  System  (GPS)  base 
stations.  The  GPS  data  is  used  to  calculate  an  accurate  CV-580  position  through  differential  processing. 

SAR  imagery  is  acquired  in  slant  range  and  azimuth  coordinates.  As  such,  the  orientation  and  elevation 
of  the  CRs  and  ARCs  were  matched  to  the  parameters  of  the  flight  line  to  obtain  maximum  radar  returns. 
When  deployed  in  an  open  field,  a  high  target  to  clutter  ratio  (TCR)  may  be  achieved  over  a  ±20° 
deviation  from  the  boresight  of  the  comer  reflector.  However,  the  deviation  from  the  borcsight  of  the 
ARC’S  horn  antenna  can  be  only  a  few  degrees  since  these  devices  have  a  much  more  directional 
response  [4]. 

In  order  to  obtain  a  high  TCR,  the  calibration  site  requires  a  relatively  flat,  uniform  terrain  with  low 
reflectivity.  It  also  requires  no  obscuration  from  forest  canopy  within  the  data  acquisition  path  of  the 
airborne  sensors.  With  consideration  for  these  requirements  and  the  geographical  constraints  imposed  by 
the  site,  the  eight  radar  calibrators  were  deployed  on  a  coarse  gravel  surface,  7  m  cast  of  the  West-Delta 
taxiway.  The  CRs  were  individually  mounted  on  tripods  using  additional  hardware,  which  allowed 
azimuth  and  elevation  adjustments  so  that  the  direction  of  the  comer  borcsight  would  align  with  the  linc- 
of-sight  of  the  radar.  In  general,  there  was  adequate  time  between  the  flight  lines  to  allow  the  direction  of 
the  boresight  to  be  changed  to  accommodate  the  corresponding  radar  incidence  angle.  The  ARCs  were 
similarly  deployed  on  the  ground,  with  changes  to  the  horn  orientation  as  dictated  by  the  flight  line 
parameters.  By  pointing  the  boresight  of  the  calibrators  at  the  expected  location  of  the  radar,  the 
maximum  radar  signatures  of  CRs  and  ARCs  would  be  present  in  the  SAR  imagery. 

The  calibration  array  was  formed  by  alternately  deploying  CRs  and  ARCs  with  a  60  meter  separation 
between  each  device.  The  overall  line  was  420  meters  in  length,  along  bearing  of  3 1 8°  T  (True  North)  as 
indicated  in  Figure  3.  There  is  a  small  treed  area  to  the  west  across  the  taxiway,.  The  distance  from  the 
position  of  the  CR  named  DREA  across  the  taxiway  to  the  tree  line  is  120  meters;  a  shadow  angle  of  8°  at 
the  CR  was  measured  from  the  ground  to  the  top  of  the  tree  line.  This  shadow  angle  was  much  lower  than 
the  designed  depression  angles  of  45°  and  65°.  Therefore,  the  radar  calibrators  were  not  obscured  by  the 
trees.  GPS  positions  of  each  calibration  device  deployment  location  were  measured  and  recorded. 
Looking  northeast,  the  West-Delta  asphalt  surface  is  61  m  wide,  followed  by  10  m  of  coarse  gravel,  then 
20  meters  of  low  cut  grass,  then  light  brush  towards  runway  16/34  (160°/340°  Magnetic  North). 

The  calibration  site  map  and  the  equipment  locations  are  indicated  in  Figure  2  and  3  respectively.  The 
azimuth  angles  for  all  calibrators  were  set  at  337.4°  MN  (Magnetic  North),  corresponding  to  3 1 8°  T.  The 
conversion  factor  between  true  north  and  MN  is  obtained  by  subtracting  the  local  magnetic  declination  of 
-19.4°  for  the  Shearwater  calibration  site  (i.c.  318°  T  -  (-19.4°)  =  337.4°  MN).  Magnetic  North  was 
used  as  a  direction  reference  because  a  magnetic  compass  was  used  to  set  the  azimuth  angle  of  the 
calibration  devices.  The  elevation  angles  of  the  calibration  devices  were  measured  using  a  digital  level. 
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The  detailed  CR  and  ARC  setups  are  discussed  in  Sections  5.2  and  5.3,  respectively,  and  the  detailed 
deployment  set  up,  and  ground  photos  of  the  calibration  site,  arc  presented  in  the  Annex. 

A  Trimble  GPS  unit  was  used  to  perfonn  the  calibration  site  survey.  The  Trimble  differential  GPS 
(dGPS)  track  data  was  logged  for  the  CFB  Shearwater  calibration  site  to  identify  the  asphalt  perimeter  of 
the  North  and  West-Delta  taxiways,  as  shown  in  Table  2  and  Figure  3.  In  addition,  the  track  and  position 
data  collected  was  used  to  generate  a  scale  map  of  the  calibration  site.  The  data  was  overlaid  on  a  local 
map  to  place  the  calibration  site  and  its  components  in  context  with  the  local  topography. 

In  order  to  calculate  an  accurate  aircraft  position  post  mission  for  SAR  image  processing,  two  Ashtcch 
Z12  GPS  base  stations  were  deployed.  One  was  deployed  over  the  survey  benchmark  (BM)  66D3 1  on 
the  east  side  of  runway  16/34  (see  Figure  1 1  and  Annex  B),  about  60  meters  beyond  the  tarmac  surface  in 
low  grass.  The  antenna  height  and  position  were  measured  with  respect  to  the  benchmark.  The  data  from 
this  base  station  was  used  as  an  absolute  reference  for  the  post  trial  differential  correction  software 
application.  The  generated  corrections  were  used  with  data  from  the  GPS  receiver  on  board  the  CV-580 
to  derive  accurate  dGPS  infonnation  required  for  processing  of  the  SAR  imagery.  The  calculated 
differential  corrections  arc  then  applied  to  the  GPS  data  set  recorded  aboard  the  CV-580,  to  better  define 
the  aircraft  position  and  velocity.  Given  that  the  aircraft  velocity  is  about  120  m/s,  a  2  Hz  data  rate 
provides  a  position  correction  every  60  meters.  The  GPS  base  station  setup  is  illustrated  in  Figure  12. 

A  second  GPS  base  station  was  deployed  at  the  north  end  of  the  West-Delta  (sec  the  tent  in  Figure  3),  this 
station  provides  redundancy  for  the  trial’s  critical  data  sets.  The  data  logged  could  be  used  as  a  relative 
reference  or  the  primary  base  station  could  be  used  to  process  and  calculate  an  accurate  position  for  the 
secondary  base  station. 


Table  2.  Geo-locations  of  calibrators. 


Waypoint  # 

Position 

Latitude 

Longitude 

Altitude 

M  . 

EHE’ 

{inX 

West  Delta 

Tent 

N  44  38  39.94743 

W  063  30  37.60583 

43.636 

0.7 

West  Delta 

Antenna 

N  44  38  39.84495 

W063  30  37.90618 

43.464 

0.6 

West  Delta 

CR  DREA 

N  44  38  39.45018 

W063  30  38.00003 

43.863 

0.6 

West  Delta 

ARC  PowerHog  (1-2542) 

N  44  38  37.97013 

W063  30  36.18846 

43.611 

0.7 

West  Delta 

CR  DREV 

N  44  38  36.56396 

W063  30  34.35581 

43.082 

0.7 

West  Delta 

ARC  Gennini  (s/n  001) 

N  44  38  35.12133 

W063  30  32.55101 

42.808 

0.7 

West  Delta 

CR  DREP 

N  44  38  33.67597 

W  063  30  30.75839 

42.531 

0.7 

West  Delta 

ARC  Serafina  (1-2756) 

N  44  38  32.20574 

W  063  30  28.92664 

42.100 

0.7 

West  Delta 

DREO 

N  44  38  30.80309 

W063  30  27.08555 

42.371 

0.7 

West  Delta 

ARC  Noah 

N  44  38  29.27335 

W063  30  25.22186 

42.811 

0.6 

North  Delta 

GPS  Antenna  BM  66D31 

N  44  38  51.05701 

W  063  30  09.24675 

41.625 

0.6 

North  Delta 

GPS  Tent  BM66D31 

N  44  38  51.19004 

W063  30  09.16106 

41.500 

0.8 

EHE  is  estimate  horizontal  error. 
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Figure  2.  Shearwater  ealibration  site  area  map. 
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Figure  3.  Calibration  site  survey  map. 


3.2  Corner  Reflectors 

Preeision  built  trihedral  comer  reflectors  have  a  well-defined  RCS.  Therefore,  they  arc  used  to  perfonn  a 
radiometric  calibration  of  each  image.  The  maximum  RCS  of  a  trihedral  comer  reflector  is  given  by  [5]: 

_A-n-b^ 

^max  -  ^  ^2  (1) 

where  b  is  the  length  of  the  short  (or  box)  side  (see  Figure  4  or  5)  and  A  is  the  wavelength  of  the  incident 
wave. 

In  order  to  obtain  the  maximum  RCS  of  a  trihedral  CR,  the  borcsight  of  the  CR  should  be  aligned  with  the 
linc-of-sight  of  the  incident  radar  beam.  In  practice,  an  elevation  angle  was  measured  from  a  surface  of 
the  CR,  which  was  measured  as  90^"  -  -  Ohorey  where  Oinc  is  the  incidence  angle  of  the  radar  wave  and 

Ohore  is  the  borcsight  angle  of  a  trihedral  CR,  which  is  35.2°  (i.e.  tan'’(l/V2),  as  shown  in  Figure  4.  The 
trihedral  CRs  used  in  the  trial  were  referred  to  as  DREA,  DREV,  DREP  and  DREO.  These  CRs  have 
similar  dimensions  and  approximately  the  same  RCS  of  26  dB.  The  setup  is  illustrated  in  Figure  4  and  5. 
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Figure  4.  Side  view  of  CR  showing  the 
boresight  direction. 


Figures.  Front  view  of  CR  setup. 


3.3  Active  Radar  Calibrators 

In  polarimetric  mode,  the  CV-580  SAR  system  alternately  transmits  H  and  V  polarized  electromagnetic 
waves  from  an  antenna  which  is  mounted  on  the  aircraft  and  receives  both  the  H  and  V  polarized 
scattered  waves  simultaneously.  Horn  antennas  arc  used  in  all  ARCs.  The  receiver  (Rx)  horn  of  the  ARC 
was  to  receive  both  horizontal  (H)  and  vertical  (V)  polarized  waves.  The  transmitter  (Tx)  horn  of  the 
ARC  was  configured  to  simultaneously  re-transmit  both  H  and  V  polarized  waves  with  a  delay  [6].  With 
this  configuration,  the  ARCs  are  used  to  estimate  the  relative  gain  and  channel  phase  calibration  of  the 
imagery. 

The  peak  RCS  of  an  active  radar  calibrator  is  given  by  [4]: 

<y^,=^~G^G’^GJA.n  (,) 

where  C^,  arc  the  transmit  and  receive  antenna  gains,  Ge  is  the  net  gain  of  the  ARC  electronics.  The 
desired  RCS  of  the  ARC  is  achieved  by  selecting  amplifiers  with  the  required  gain.  The  antenna  selection 
is  detennined  by  cross-polarization  isolation,  bcamwidth,  and  gain  requirements. 

The  antenna  configuration  of  the  DRDC  Ottawa  ARC  that  is  referred  to  as  Noah  is  illustrated  in  Figure  6 
and  7.  The  setups  for  CCRS  ARCs  PowerHog  (CCRS  1-2542),  Scrafma  (CCRS  1-2756)  and  Gemini 
(CCRS  2-281 1)  are  illustrated  in  Figure  8  through  10,  respectively.  The  ARC  Gemini  failed  to  operate 
due  to  an  RF  cable  problem  during  the  trial. 


10 


DRDC  Ottawa  TM  2004-207 


Figure  7.  ARC  Noah  setup. 


Figure  6.  ARC  Noah  antenna  configuration. 


Figure  8.  ARC  PowerHog  setup. 


Figure  9.  ARC  Scrafma  setup. 
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Figure  10.  ARC  Gemini  setup. 


CFB  Shearwater  Survey  Benchmark 
Site  Identification 
Unique  Number:  661516 
Name:  PM  66  D  31 
Vertical  Datum:  CGVD28 
Elevation:  41.160  m 

Datum  WGS  84  (calculated  from  NAD  27) 
Latitude:  N  44°  38’  50.85590” 

Longitude:  W  063°  30’  09.18413” 

UTM:  Zone  =  20 
Northing  4943911.71  m 
Easting  0460 1 49. 1 4  m 


Figure  1 1 .  Survey  benchmark,  PM  66  D  3 1 . 


Figure  12.  GPS  base  station  setup. 
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4.  Polarimetric  SAR  Image  Acquisition 


The  PolSAR  stripmap  data  was  acquired  using  the  airborne  C-band  SAR  sensor  flown  on  the  EC  CV-580 
aircraft.  The  Nadir  mode  [1]  of  the  PolSAR  sensor  was  used  in  the  trial.  Single  look  complex  (SLC) 
imagery  was  generated  using  the  PolGASP  software  run  at  DRDC  Ottawa  [7].  The  resulting  imagery  has 
4096  pixels  across  the  swath,  which  is  approximately  19  km  wide.  In  the  nadir  mode,  the  incidence  angle 
varies  from  0=  28°  to  0=  74°,  with  a  centre  incidence  angle  of  57°.  The  imaging  geometry  used  during 
the  Quest-2003  trial  is  illustrated  in  Figure  13  [1,7]. 


3.7  km  20.6  km 

Figure  13.  Geometry  for  the  EC  CV-580  PolSAR  acquisition. 


In  the  azimuth  direction,  the  image  coverage  depends  on  the  aircraft  ground  speed  and  the  data 
acquisition  time.  In  this  trial,  the  azimuth  distance  during  each  acquisition  was  selected  to  be  20  nm  (i.c., 
about  37  km). 

The  C-band  (5.30  GHz,  X.=5.66  cm)  PolSAR  sensor  is  a  fully  polarimetric  system.  There  arc  four 
combinations  of  incident  and  scattered  electric  fields,  HH,  HV,  VH,  and  VV,  which  arc  often  described 
mathematically  by  a  2x2  scattering  matrix,  S,  with  components  5////,  Shv,  Svh  and  Sw  An  S  matrix  is 
measured  for  each  sample  clement  (i.c.,  pixel)  in  an  image.  The  components  of  S  can  be  written  as  [9]: 


5  = 


_^VH 


^HV 

Syv 


(3) 


The  C-band  imagery  products  arc  calibrated  using  the  ComplexCAL  software  developed  by  CCRS  [8] 
and  run  at  DRDC  Ottawa  together  with  an  analysis  of  returns  from  the  CRs  and  ARCs  deployed  at  the 
SAR  Calibration  Site. 

The  incidence  angle  is  illustrated  in  Figure  13.  For  an  aircraft  at  a  constant  altitude  above  a  flat  earth, 
targets  that  arc  farther  from  the  aircraft  have  a  larger  incidence  angle  than  targets  that  arc  closer  to  the 
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aircraft.  To  obtain  a  different  incidence  angle,  the  aircraft  was  flown  at  various  lateral  offset  distance 
from  the  image  centre.  An  aspect  angle  is  defined  by  the  difference  between  the  angle  of  the  aircraft 
heading  and  the  CFAV  Quest  course.  During  the  experiments,  the  radar  receiver  was  operated  with 
SAW*^  On  configuration  for  some  flight  lines  and  SAW*  Off  configuration  for  the  other  flight  lines. 
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5.  Initial  Results 


5.1  General 


A  total  of  17  flight  lines  were  successflilly  acquired,  including  1 1  CFAV  Quest  images  and  6  calibration 
site  images  (no  image  of  CFAV  Quest  was  collected  in  14p5,  October  6).  Nine  of  these  images  were 
collected  with  the  SAW'^  Off  and  8  were  collected  with  the  SAW'^  On  configuration.  The  actual  key  data 
acquisition  parameters  and  the  environmental  conditions  are  indicated  in  Table  3  and  the  CFAV  Quest 
motion  is  indicated  in  Table  3  and  4.  The  processed  images  are  presented  in  an  Annex. 


The  incidence  angles  are  calculated  from  the  aircraft  altitude  and  the  slant  range  as: 


where  h  is  the  aircraft  altitude  and  R  is  the  slant  range. 

The  available  azimuth  integration  time  of  each  image  can  be  derived  as: 


T,^,=s-RIV 


(5) 


where  s  is  the  antenna  azimuth  beam  width  in  radians,  R  is  the  slant  range,  and  V  is  the  aircraft  ground 
speed.  The  azimuth  integration  time  is  used  to  calculate  the  aspect  angle  and  to  extract  the  ship  motion 
and  environmental  conditions  for  each  image. 

The  total  number  of  pulses  in  each  sample  are  defined  by  the  product  of  the  azimuth  integration  time  and 
the  pulse  repetition  frequency  PRF  of  the  transmitter  as: 


N 


pulse 


(6) 


The  aspect  angle  (l)asp  is  defined  to  be  the  angle  of  the  aircraft  heading  relative  to  the  CFAV  Quest  course 
{(t>asp  =  Aircraft  Heading  -  Quest  Course  over  Ground|.  Both  the  aircraft  heading  and  the  CFAV  Quest 
course  are  the  average  values  during  the  azimuth  integration  time  for  each  image,  respectively.  The 
aircraft  heading  was  obtained  from  the  dGPS  data.  The  CFAV  Quest  course  and  speed  were  obtained 
from  CFAV  Quest  log  data  identified  as  DREO  NADAS  6  Oct  03  and  DREO  NADAS  7  Oct  03.  The 
CFAV  Quest  course  and  speed  were  extracted  from  the  course  over  ground  (COG)  data  and  the  speed 
over  ground  (SOG)  in  which  wind  effects  arc  included.  The  CFAV  Quest  motion  (pitch,  roll)  were 
extracted  from  CFAV  Quest  data  files  6  Oct  03  Ship  Motion  and  7  Oct  03  Ship  Motion  [11].  The 
sampling  rate  for  each  data  recording  system  is  different.  The  aircraft  GPS  (latitude,  longitude,  height, 
heading,  velocity)  sampling  rate  is  2  Hz,  the  CFAV  Quest  NADAS  (latitude,  longitude,  heading,  velocity) 
sampling  rate  is  1  Hz,  and  the  CFAV  Quest  Motion  (pitch  angle,  roll  angle)  sampling  rate  is  4  Hz.  Wind 
direction,  velocity,  and  wave  height  measurement  arc  sampled  once  per  hour.  The  environmental 
condition  data  were  obtained  from  the  Lahavc  Bank  weather  station  which  is  located  at  42. 5N,  64.02W, 
which  is  125  km  from  the  trial  location. 
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Table  3.  Actual  data  acquisition  parameters  and  environmental  conditions. 


Comments 

GPS,  MAID  file  problems  are  solved 

Azimuth  ambiguity 

No  ship 

Azimuth  ambiguity 

Transit  line,  couldn’t  process 

Cal  line,  no  ARC 

Cal  line,  missed  cal  site 

Cal  line,  missed  cal  site 
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Cal  line 
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OC 
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a: 

QC 

0^ 

cd 

a: 

a: 
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Off 
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o 

Off 

o 

On 

On 

On 

On 

On 

Off 
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On 
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On 

On 

Wave 

height 
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2.0 

2.0 

On 

Ov 

VO 

vq 

p 

p 

p 

r-; 

Wind 

V 

(m/s) 

3.3 

3.3 

3.3 

VO 

VO 

6.0 

6.8 

7.5 

7.5 

7.5 

7.6 

Course 

(°T) 

168 

168 

168 

167 

167 
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147 

138 
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S 

s 

VOG 

(kts) 

SO 

O 

pO 
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5.6 

5.6 

5.9 

2.9 

p 

rd 
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> 

< 

pL, 

u 
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(°T) 
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253.0 
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258.0 
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p 

oo 

p 

p 

vd 

14.5 

173.0 

177.0 
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Heading  V 

( °  T)  (m/s) 

116.9 

126.7 

00 

135.5 

105.5 

131.5 

123.1 

o 

d 

od 

141.4 

120.4 

254.7 

299.3 

119.9 
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345.0 

O 

d 

00 

225.2 

45.2 

225.2 

00 

270.0 

o 

Ci. 

LZ 

46.3 
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89.0 

4.0 

224.2 

39.2 
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93.0 

o 

u 

a 

52.3 

o 

od 

68.5 

57.5 

42.8 

22.3 

00 

40.4 

36.0 

28.0 

57.1 

45.4 

46.4 

p 

od 

Line/ 

pass 

llp2 

12p3 

13p4 

14p5 

15p6 

16p7 

I33p8 

I7p9 

18pl0 

18pll 

r- 

u 

"5. 

|l2p2  1 

3p3 

14p4  1 

15p5 

16p6 

17p7 

17p8 

18p9 

Asar 

No. 

o 

o 

o 

00 

<N 
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o 

00 

<N 
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287 

2 

O 

oo 

00 

<N 
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ov 

<N 
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Table  4.  CFAV  0/^5/ motion. 


Vert  Acc 
(G's) 

October  6 

0.0002 

-0.0029 

-0.0004 

0.0086 

0.0176 

October  7 

00 

00 

o 

o 

1 

00 

o 

o 

o 

1 

o 

o 

o 

o 

-0.0066 

Lat  Acc 
(G's) 

-0.0310 

o 

o 

1 

-0.0346 

-0.0277 

-0.0345 

r- 

to 

in 

o 

o 

1 

-0.0043 

0.0046 

VO 

o 

o 

o 

1 

Long  Acc 
(G's) 
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o 

o 

o 

o 
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oeooo 

00 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
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o 

o 

o 

Yaw  Rate 
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-0.7313 
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m 
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o 

1 

oo 

n 

o 

1 
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-0.1264 

<N 

1 
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-1.7466 
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o 
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5.2  Calibration  Site 


An  example  of  a  multi-polarized  SAR  image  of  the  calibration  site  is  shown  in  Figure  14,  in 
which  the  magnitude  of  the  HH  channel  is  displayed  in  Red,  the  magnitude  of  VV  in  Blue,  and 
the  mean  of  the  magnitudes  of  HV  and  VH  in  Green.  Four  CRs  and  four  ARCs  are  evident  in  the 
image.  This  data  was  obtained  from  17p7  on  October  7,  2003,  with  an  incidence  angle  of  45°  and 
SAW'^  Off  configuration.  In  Figure  14,  the  ARC  Noah  is  seen  close  to  azimuth  pixel  220, 
followed  by  the  CR  DREO,  ARC  Serafma,  CR  DREP,  ARC  Gemini,  CR  DREV,  ARC 
PowerHog,  and  the  CR  DREA.  A  bright  spot  close  to  azimuth  pixel  1650  is  a  radar  image  of  a 
truck  which  was  parked  at  the  end  of  the  taxiway  during  the  acquisition.  Figure  14  also  shows 
the  recirculations  from  the  ARCs.  In  order  to  validate  the  quality  of  the  image,  the  target  to 
clutter  ratio,  the  image  focus,  and  the  saturation  arc  verified  using  a  CR. 

A  mean  TCR  of  greater  than  15  dB  is  obtained.  An  HH  channel  transect  of  deployed  calibration 
devices  in  azimuth  is  shown  in  Figure  15,  while  a  CR  transect  in  range  is  shown  in  Figure  16. 

The  image  focus  can  be  verified  by  measuring  the  3dB  “width”  of  a  CR  response,  in  azimuth  and 
range,  respectively.  An  image  is  well  focused  when  the  -3dB  “width”  is  0.8  m  in  azimuth  and  6 
m  in  range  with  the  SAW'^  On  configuration.  With  the  SAW*'  Off,  the  -3dB  “width”  should  be 
the  same  as  the  SAW*  On  in  azimuth,  and  slightly  worse  in  range.  This  degradation  in  range  is 
due  to  the  fact  that  the  sampling  rate  is  not  changed,  but  the  maximum  signal  bandwidth  is  greater 
with  the  SAW*  Off.  With  reference  to  the  HH  channel.  Figure  17  shows  a  CR  response  with  the 
SAW*  Off  configuration,  the  -3dB  “width”  of  ~  2.4  m  in  azimuth  can  be  seen  in  a),  and  the  -3 
dB  “width”  of  9.2  m  in  range  can  be  seen  in  b).  The  azimuth  -3dB  “width”  is  much  wider  than 
it  should  be.  This  degradation  may  be  due  to  data  processing.  However,  the  range  -3  dB  “width” 
of  9.2  m  is  poor  compared  to  the  SAW*  On  case.  This  degradation  due  to  under  sampling  is 
expected. 

Channel  saturation  was  verified  by  using  a  histogram  of  the  signal  data.  The  results  of  the  real 
and  imaginary  parts  of  the  HH  and  VV  channels  are  shown  in  Figure  19  through  22,  respectively. 
The  signal  data  are  unifonnly  quantized  from  -64  to  +64,  therefore,  there  is  no  saturation 
observed  in  this  image.  However,  the  return  from  the  ARC  Noah  was  saturated.  The  gain  of  this 
ARC  should  be  reduced  before  future  deployment. 

Six  calibration  lines  were  acquired.  However,  three  lines  from  October  6  (17p9, 18pl0  and  18pl  1) 
are  not  usable  for  various  reasons.  The  four  CRs  were  seen  in  17p9,  however,  none  of  the  four 
ARCs  were  observed.  The  calibration  site  set  up  notes  indicate  that  the  CRs  and  ARCs  were  set 
for  an  incidence  angle  of  45°.  However,  analysis  of  the  calibration  site  image  indicates  that  the 
incidence  angle  was  only  22°  during  the  acquisition,  which  was  23°  from  the  designed  incidence 
angle  of  45°.  The  calibration  site  was  completely  missed  in  18pl0  and  18pl  1 .  This  problem  is 
due  to  the  error  of  the  flight  path  and  must  be  avoided  at  future  trials  since  the  calibration  site  is 
critical  for  data  utilization.  The  three  usable  calibration  lines  are  17p7, 17p8  and  18p9  from 
October  7.  Each  of  the  calibration  lines  underwent  quality  control  analysis  prior  to  radiometric 
calibration  of  ship  images. 


The  lines  from  7  October  were  used  for  calibration  of  the  data  from  both  6  &  7  October.  Ideally, 
the  calibration  site  should  be  within  the  same  image  as  the  targets  of  interest.  This  was  not 
possible  in  our  case,  since  the  vessel  was  240  nm  from  the  calibration  site,  as  described  in  Section 
2. 1 .  The  impact  of  using  calibration  data  from  a  different  day  can  be  minimized  if  atmospheric 
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conditions  are  similar.  To  evaluate  the  importance  of  this  impact,  we  suggest  a  detailed 
investigation  using  the  MarCo  Pola  trial  data  (March  2004)  in  which  the  setup  of  the  calibration 
site  is  similar  to  the  Quest  2003  trial.  We  suggest  comparing  results  when  using  ealibration  data 
from  other  days  to  the  nominal  case  where  calibration  data  for  the  correct  day  is  applied.  The 
results  of  this  investigation  will  be  very  useful  for  future  trial  planning.  If  the  impact  is 
significant,  the  future  trial  plan  should  inelude  a  contingency  line  for  the  ealibration  site  to  ensure 
at  least  one  calibration  line  per  flight,  and  if  the  calibration  site  or  the  calibrators  is  missed  during 
the  flight,  it  would  require  an  additional  calibration  line  to  be  flown,  even  if  this  means  that  the 
aircraft  must  land,  re-fuel  and  make  another  flight. 


200  400  600  800  1 000  1 200  1 400  1 600  1 800  2000 

Azimuth  pixels 


Figure  14.  CV-580  polarimetric  SAR  image  of  the  calibration  site. 
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Figure  15.  Image  transect  of  deployed  calibration 
devices  in  azimuth. 


Figure  17.  Transect  of  a  CR  in  azimuth. 


Figure  19.  Histogram  of  the  HH  signal  (real  part). 


Ranae  pixels 

Figure  16.  Image  transect  of  a  CR  in  range. 


Figure  20.  Histogram  of  VV  signal  (real  part). 
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Figure  21 .  Histogram  of  the  HH  signal  (imaginary 
pan). 


Figure  22.  Histogram  of  the  W  signal  (imaginary 
part). 


5.3  CFAV  Qi/esf  Images 

A  photo  of  the  CFAV  Quest  at  sea  is  shown  in  Figure  23  and  an  example  of  a  multi-polarized 
CV-580  SAR  image  of  the  CFAV  Quest  is  shown  in  Figure  24.  Herein,  the  magnitude  of  the  HH 
channel  is  displayed  in  Red,  the  magnitude  of  VV  in  Blue,  and  the  mean  of  the  magnitudes  of  HV 
and  VH  is  shown  in  Green.  This  data  was  obtained  from  11  pi  on  Oetober  7  2003,  the  key  data 
acquisition  parameters  are  summarized  in  Table  3.  The  dimensions  of  the  CFAV  Quest  are  76  m 
X  12.6  m  X  4.8  m  (length  x  beam  x  draft). 

The  ship  image  is  clearly  distinguished  from  the  ocean  clutter.  A  detailed  analysis  of  the  trial 
data  is  ongoing.  However,  some  of  the  ship  images  obtained  during  the  trial  appear  to  be 
smeared  in  azimuth.  The  reason  for  a  smeared  image  is  complex.  It  can  be  caused  by  ship 
motion  and  environmental  conditions.  Azimuth  ambiguities  are  also  observed  in  some  images.  A 
detailed  investigation  of  these  issues  will  be  addressed  in  future  analysis  and  research. 
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Figure  23.  CFAV  Quest  at  sea. 


Figure  24.  CV-580  polarimetric  image  of  CFAV 
Quest. 
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5.4  CV-580  SAR  Signal 


The  ARC  Noah  as  deployed  on  the  CFB  Shearwater  Cal-Site  was  able  to  capture  a  sample  of  the 
Convair  580  SAR  signal.  Figure  25  illustrates  the  receiver  signal  captured  on  October  7.  While 
the  pulse  of  the  radar  is  only  7  ps  in  duration,  the  ARC  circuitry  stretches  the  pulse  width  to  150 
ps  so  that  the  ARC’S  analog- to-digital  converter  sample  rate  of  10,000  samples  per  second  (100 
ps)  is  able  to  measure  the  pulse.  The  SAR  is  set  up  with  a  PRF  of  -660  Hz  for  both  H  and  V 
planes  and  these  are  interlaced  in  a  manner  that  generates  a  pulse  at  a  330  Hz  rate.  The  H  gain  is 
26  dB  while  the  V  gain  is  24.8  dB  at  peak  signal.  However,  there  were  a  few  issues  observed 
during  the  trial:  a  complete  radar  pattern  was  not  captured  due  to  sample  duration  issues  (sec 
Figure  25),  electromagnetic  compatibility  problems,  the  gain  setting  was  too  high  and  can  not  be 
adjusted  in  the  field  during  the  trial,  etc.  Modifications  of  the  ARC  arc  being  considered  for 
future  trials. 


Oau  S«t:  PM_d3_288.me6ia.txt 


»  t  <  6  t  rt  rc  rt  ft  a  rt  »  10 


Time  (Second) 

Figure  25.  CV-580  azimuth  radar  pattern  captured  by 
Noah. 
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6.  Conclusions  and  Recommendations 


CFB  Shearwater  provides  a  relatively  flat,  uniform  terrain  with  low  reflectivity  so  that  a  high 
target- to-cluttcr  ratio  was  achieved.  In  addition,  the  overall  support  from  the  CFB  Shearwater 
staff  was  excellent,  it  is  therefore  recommended  as  a  calibration  site  for  future  trials. 

The  new  DRDC  Ottawa  ARC,  called  Noah,  was  tested.  It  has  the  potential  to  be  very  useful, 
since  it  has  an  automated  control  and  data  recording  system.  Data  is  logged  only  for  the  time 
period  when  the  incident  radar  signal  occurs.  A  number  of  modifications,  such  as  improved 
operator-interface  software,  increased  electromagnetic  interference  shielding,  and  reduced  gain, 
arc  recommended.  These  will  improve  the  functionality  of  the  ARC  and  the  utility  of  the  data. 

Analysis  of  the  data  indicated  several  problems  including  azimuth  ambiguities,  image  dcfocus 
and  target  saturation.  Overall,  most  of  the  ship  images  appear  to  be  smeared  in  azimuth.  To 
investigate  this  problem,  the  recommendations  are  provided  as  follows. 

A  point  target,  such  as  a  comer  reflector,  can  be  used  to  verify  the  image  quality.  The  image 
quality  verification  procedures  described  in  Section  5.2  arc  recommended  as  a  quality  control 
measure. 

To  improve  the  image  quality,  other  data  processing  methodologies,  such  as  coherent  sub- 
aperture  or  ISAR  processing,  will  be  explored  in  subsequent  work. 
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A.  Deployment  of  Corner  Reflectors  and  ARCs 


Table  Al.  Corner  reflector  deployment 


Declination  » -19.3** 
Date;  Oct  4/03  -  Oct  8/03 


DREA 


DREV 


DREP 


DREO 


Version  Date: 

No  local 

declination 

Location  •  Lat  /  Lon 

Location  -  Lat  /  Lon 

Location  -  Lat  /  Lon 

Location  -  Lat  /  Lon 

2004/09/09 

correction  to 

N  45'’  38'  39.450" 

N  45'’  38’  36.564" 

N  45“  38'  33.676" 

N  45“  38’  30.803" 

compass 

W  063'’  30'  38.000" 

W  063'’  30*  34.356" 

W  063“  30'  30.758" 

W  063“  30’  27.086" 

Line 

Direction 
to  Aircraft 

Corner  Edge 

Alignment 
(Right  to  Left) 

Az. 

Corner  Pitch 
(degrees  from 
horizontal) 

Az. 

Corner  Pitch 
(degrees  from 
horizontal) 

Az 

Corner  Pitch 
(degrees  from 
horizontal) 

Az 

Corner  Pitch 
(degrees  from 
horizontal) 

Oct  4 

SW 

337.4 

10.0 

9.9 

V 

10.0 

10.1 

10.0 

9.9 

10.0 

10.0 

Oct  5  A 

SW 

337.4 

4.9 

4.9 

v 

4.9 

5.0 

V 

4.9 

4.9 

V 

4.9 

4.9 

Oct  SB 

SW 

337.4 

4.9 

4.9 

V 

4.9 

5.0 

V 

4.9 

4.9 

V 

4.9 

4.9 

Oct  6  A 

SW 

337.4 

10.0 

10.0 

V 

10.0 

10.0 

V 

10.0 

10.1 

V 

10.0 

9.9 

Oct6  B 

SW 

337.4 

20.0 

20.0 

V 

20.0 

20.1 

V 

20.0 

20.0 

v 

20.0 

20.0 

octec 

SW 

337.4 

20.0 

20.0 

V 

20.0 

20.1 

V 

20.0 

20.0 

v 

20.0 

20.0 

Oct  7  A 

SW 

337.4 

10.0 

9.9 

V 

10.0 

10.0 

10.0 

10.0 

V 

10.0 

10.0 

Oct7B 

SW 

337.4 

20.0 

19.9 

20.0 

20.0 

20.0 

20.0 

20.0 

19.9 

Oct7C 

SW 

337.4 

20.0 

19.9 

20.0 

20.0 

20.0 

20.0 

y 

20.0 

19.9 

Oct  8 

SW 

337.4 

10.0 

10.1 

10.0 

10.1 

V 

10.0 

9.9 

10.0 

10.0 
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Table  A2.  Active  radar  calibrator  deployment 


Declination  =  -19.3° 


Date:  Oct  4/03  -  Oct  8/03 _  Power  Hog  (OCRS  1  -2542)  Gemini  (CCRS  2-281 1 ) 


Version  Date: 

No  local 

Location 

-  Lat  /  Lon 

Location 

-  Lat  /  Lon 

2004/09/09 

correction  to 

N  44°  38*  37.970" 

N44°  38*  35.121" 

compass 

W  063°  30*  36.188" 

W  063°  30*  32.551* 

ARC  Edge 

ARC 

ARC 

ARC  Pitch  (degrees  from 
horizontal) 

ARC 

ARC 

ARC  Pitch  (degrees  from 
horizontal) 

Line 

Direction 
to  Aircraft 

Alignment 
(Riaht  to  Left) 

Transmit 

Orientation 

Receive 

Orientation 

Left 

Right 

Az. 

Transmit 

Orientation 

Receive 

Orientation 

Left  (Tx) 

Right 

(Rx) 

Oct  4 

SW 

337.4 

HV 

HV 

HV 

HV 

44.8 

44.7 

44.8 

^  1 

1  ^ 

H 

H 

H 

44.8 

45.2 

45.1 

Oct  5  A 

SW 

337.4 

HV 

HV 

HV 

HV 

49.8 

49.7 

49.8 

</  1 

V 

H 

V 

H 

49.8 

50.0 

49.4 

Oct5B 

SW 

337.4 

HV 

HV 

HV 

HV 

49.8 

Aborted 

^  1 

H 

H 

H 

H 

49.8 

Aborted 

Oct  6  A 

SW 

337.4 

✓ 

HV 

HV 

HV 

HV 

44.8 

44.6 

44.7 

✓ 

H 

HV 

H 

HV 

44.8 

44.7 

44.6 

Oct6B 

SW 

337.4 

HV 

HV 

HV 

HV 

34.7 

34.5 

34.6 

H 

HV 

H 

HV 

34.7 

34.8 

34.8 

Octec 

SW 

337.4 

HV 

HV 

HV 

HV 

34.7 

34.5 

34.6 

H 

HV 

H 

HV 

34.7 

34.8 

34.8 

Oct  7  A 

SW 

337.4 

HV 

HV 

HV 

HV 

44.8 

44.8 

44.7 

✓ 

V 

HV 

V 

HV 

44.8 

44.7 

44.8 

Oct7B 

SW 

337.4 

HV 

HV 

HV 

HV 

34.7 

34.8 

34.8 

V 

HV 

V 

HV 

34.7 

34.7 

34.9 

Oct7C 

SW 

337.4 

HV 

HV 

HV 

HV 

34.7 

34.8 

34.8 

V 

HV 

V 

HV 

34.7 

34.7 

34.9 

Oct  8 

SW 

337.4 

HV 

HV 

HV 

HV 

44.8 

44.9 

44.8 

</ 

H 

H 

H 

H 

44.8 

44.8 

44.8 

Serafina  (CCRS  1-2756)  Noah  (DRDC-Ottawa) 


No  local 

declination 

correction  to 

compass 

Location 

-  Lat  /  Lon 

Location 

-  Lat  /  Lon 

N  44°  38*  32.206" 

N  44°  38*  29.273" 

W  063°  30*  28.927" 

W  063°  30*  25.222" 

ARC  Pitch  (degrees  from 

ARC  Pitch  (degrees  from 

ARC  Edge 

ARC 

ARC 

horizontal 

ARC 

ARC 

horizontal) 

Direction 

Alignment 

Transmit 

Receive 

Left 

Right 

Transmit 

Receive 

Line 

to  Aircraft 

(Right  to  Left) 

Az. 

Orientation 

Orientation 

Rx 

Tx 

Az. 

Orientation 

Orientation 

Left 

Right 

Oct  4 

SW 

337.4 

«/ 

HV 

HV 

HV 

HV 

44.8 

44.7 

44.5 

H 

H 

H 

H 

44.8 

44.8 

44.8 

Oct  5  A 

SW 

337.4 

HV 

HV 

HV 

HV 

49.8 

49.7 

49.5 

V 

H 

V 

H 

49.8 

49.8 

49.8 

Oct5B 

SW 

337.4 

HV 

HV 

HV 

HV 

49.8 

Aborted 

V 

H 

V 

H 

49.8 

Aborted 

Oct  6  A 

SW 

337.4 

HV 

HV 

HV 

HV 

44.8 

44.7 

44.8 

HV 

HV 

HV 

HV 

44.8 

44.8 

44.8 

Oct6  B 

SW 

337.4 

HV 

HV 

HV 

HV 

34.7 

34.8 

34.5 

HV 

HV 

HV 

HV 

34.7 

34.7 

34.8 

Octec 

SW 

337.4 

HV 

HV 

HV 

HV 

34.7 

34.8 

34.5 

HV 

HV 

HV 

HV 

34.7 

34.7 

34.8 

Oct  7  A 

SW 

337.4 

HV 

HV 

HV 

HV 

44.8 

44.9 

44.8 

HV 

HV 

HV 

HV 

44.8 

44.7 

44.7 

Oct7  B 

SW 

337.4 

HV 

HV 

HV 

HV 

34.7 

34.8 

34.6 

HV 

HV 

HV 

HV 

34.7 

34.7 

34.7 

Oct7C 

SW 

337.4 

HV 

HV 

HV 

HV 

34.7 

34.8 

34.6 

HV 

HV 

HV 

HV 

34.7 

34.7 

34.7 

Oct  8 

SW 

337.4 

HV 

HV 

HV 

HV 

44.8 

44.8 

44.7 

H 

H 

H 

H 

44.8 

44.6 

44.8 

DRDC  Ottawa  TM  2004-207 


27 


B.  NRCan  Survey  Monument  Reference 


SITE  IDENTIFICATION 


Unique  Number  :  661516 
Name:  PM  66D31 

Established  By  :  Mapping  And  Charting  Establishment 

Province  :  NS 

Prov.  Identifier  :  None 

NTS  Map  No:011D12 

STATION  COORDINATES 


Method  :  Scaled 
Latitude  :  N44°  38'  49" 

Longitude  :  W63°  30’  11" 

Agency  :  Geodetic  Survey  Division  -  NRCan 
UTM:  Zone  =  20  N  =  4943861m  E  =  4601 13  m 

VERTICAL  DATA 


Vertical  Datum  :  CGVD28 
Elevation  :  41.160  m 
Order :  Adjusted  Unclassified 
Method  :  Differential 
Adjustment  Line  :  NOVA  105 
Published  Year  :  1989 

STATION  MARKER  INFORMATION  AND  LOCATION 


Marker  Type  :  Permanent  Agency  Marker 
Inspected  in  :  1989 
Status  :  Good 

Inspection  Comments  :  No  inspection  text  on  file 


Accessible  by  passenger  car  or  light  truck  and  a  walk  of  less  than  50  m 


MKR  TYPE  D  SETTING  CODE  04 

LOC  AT  CFB  SHEARWATER  AIRPORT  APPROX  100  M  E  FROM  INTER  OF  C/L 
RUNWAY  16-34  AND  CHARLIE  TAXI  WAY  ON  THE  GRASS  SURFACE,  75  M  NE  FROM 
EDGE  OF  RUNWAY,  80  M  N  FROM  THE  WOODED  AREA  AND  105  M  SE  FROM  STA 
"8915004".  MKD  BY  A  DND  BRASS  TAB,  STPD  "66D31",  SET  IN  A  SQUARE  CONC  MON 
2.5  CM  ABOVE  GRD  LVL. 

HISTORICAL  COORDINATES  NOTE:  Coordinates  listed  below  arc  no  longer  maintained 
by  GSD  and  should  be  verified  with  your  provincial  agency  before  use. 
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Horizontal  Datum  :  NAD27 
Method  :  Electronic  Traversing 
Latitude  :  N44°  38’  50.70000" 

Longitude  :  W63°  30'  1 1.53000" 

UTM:  Zone  =  20  N  =  4943690.353  m  E  =  460096.268  m 

PROJECTS  IDENTIFIERS: 

D693911 
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C.  Initial  Image  Results 


The  initial  results  of  the  Quest-2003  trial  are  presented  in  this  section.  All  image  chips  shown  in 
this  section  are  CV-580  polarimctric  SAR  image  of  CFAV  Quest  at  sea.  The  image  chips  in 
Figure  26  were  obtained  on  6  October  2003,  while  the  image  chirps  in  Figure  27  were  obtained 
on  7  October  2003.  In  these  Figures,  the  magnitude  of  the  HH  channel  is  displayed  in  Red,  the 
magnitude  of  VV  in  Blue,  and  the  mean  of  the  magnitudes  of  HV  and  VH  is  shown  in  Green. 

The  key  radar  parameters  and  the  environmental  conditions  for  each  image  arc  indicated  in  Table 
3  and  4  of  Section  5.1. 


Figure  26.  Polarimetric  images  obtained  on  6  October  2003. 


QuMt  on  Sm  (I3p4.  Oct  6.  2003) 


OuMi  on  Sm  (BpO.  Oo(  «.  2003) 


c.  13p4. 


d.  15p6. 
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CkJ*»t  on  Sm  (16p7.  Oct  a.  2003) 


e.  16p7. 


Figure  27.  Polarimetric  images  obtained  on  7  October  2003. 


Qu»st  on  Sm  (I3p3.  Oct  7.  2003) 


3  01  3  02  3  03  3  04  3  06  3  06  3  07  3  08 

Aamutti  pix«l> 


c.  13p3. 


d.  I4p4. 


Qu«et  on  Sm  (14p4.  Oci.  7.  2003) 
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D.  Calibration  Site  Ground  Truth  Photographs 


Selected  photos  of  the  calibration  site  are  showing  in  Figure  28  in  deployed  sequence. 
Figure  28.  Selected  photos  of  the  calibration  site  at  CFB  Shearwater. 


a.  ARC  Noah  and  surroundings.  b.  CR  DREO  and  surroundings. 


c.  ARC  Scrafina  and  surroundings.  d.  CR  DREP  and  surroundings. 
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e.  ARC  Gcrmini  and  surroundings. 


f.  CR  DREV  and  surroundings. 


i.  CR  DREA  facing  a  tree  canopy  area. 


j.  GPS  base  station  2  (near  CR  DREA). 


g.  ARC  PowerHog  and  surroundings. 


h.  CR  DREA  and  a  GPS  station  (GPS  antenna 
and  receiver  in  the  tent). 
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k.  GPS  base  station  2  (antenna  (left)  and 
receiver  in  the  tent)  and  CR  DREA  (right). 


1.  GPS  base  station  1  receiver  (set  on  BM 
66D31). 
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List  of  symbols/abbreviations/acronyms/initialisms 


ARC 

Active  Radar  Calibrator 

AZ 

Azimuth 

BM 

benchmark 

CCRS 

Canada  Centre  for  Remote  Sensing 

CFAV 

Canadian  Forces  Auxiliary  Vessel 

CFB 

Canadian  Forces  Base 

COG 

Course  Over  Ground 

CR 

Comer  Reflector 

CV-580 

Convair-580 

clB 

Decibel 

dGPS 

Differential  Global  Positioning  System 

DND 

Department  of  National  Defence 

DRDC 

Defence  Research  and  Development  Canada 

D  Space  D 

Director  of  Space  Development 

EC 

Environment  Canada 

EHE 

Estimate  horizontal  error 

GPS 

Global  Positioning  System 

GR 

Ground  Range 

L 

Left 

L#p# 

Line  #  and  pass  #  of  the  flight 

GMTI 

Ground  Moving-Target  Indication 

MN 

Magnetic  North 

nm 

nautical  mile 

NADAS 

Non-Acoustic  Data  Acquisition  System 
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PolSAR 

Polarimetric  SAR 

R 

Right 

RCS 

Radar  Cross  Section 

SAR 

Synthetic  Aperture  Radar 

SAW 

Surface  Acoustic  Wave 

SAW' 

Inverse  Surface  Acoustic  Wave 

SLC 

Single  Look  Complex 

SOG 

Speed  over  Ground 

SR 

Slant  Range 

T,TN 

True  North 

TCR 

Target- to-Cluttcr  Ratio 

UTC 

Universal  Time  Coordinated 
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